OBJECTIVES: To investigate the impact of pregnancy on long-term weight gain of primiparous mothers in England, and to identify potential risk factors for maternal obesity. DESIGN: A retrospective, repeat-pregnancy study which examined the change in maternal body weight from the beginning of the ®rst successful pregnancy to the beginning of the second. SUBJECTS: Two hundred and forty-three mothers, all of whom had been weighed during the ®rst trimester of their ®rst and second pregnancies, and none of whom had fallen pregnant less than 12 months after the birth of their ®rst child. MEASUREMENTS: Sociodemographic, behavioural, medical, obstetric and perinatal data, together with antenatal measurements of maternal body weight and height, were extracted from each mother's obstetric notes. A comprehensive survey of weighing scales used at all antenatal clinics was undertaken. RESULTS: After accounting for the effect of ageing, there was no signi®cant long-term increase in mean maternal body weight following the ®rst pregnancy (95% Con®dence Intervals: 70.82±0.28 kg). While most mothers (70.8%) gained 1.0 kg or less, 24.7% gained more than 1.54 kg. Even after accounting for the maximum error in clinic scales, 14.8% of the mothers gained 1.54 kg or more in association with their ®rst pregnancy. Mothers with higher BMIs at the beginning of their ®rst pregnancy, who gained more weight during pregnancy, gave birth to heavier babies and had longer intervals between their pregnancies, gained signi®cantly more weight from one pregnancy to the next. CONCLUSIONS: Pregnancy has little impact on the mean weight gain of primiparous women from England, who have a low prevalence of obesity (BMI ! 26.0, 25.5%). Nevertheless, pregnancy may be associated with a permanent increase in maternal body weight simply because it is a period of positive energy balance during which some women gain excessive weight. Other factors, such as prepregnant BMI, determine whether long-term weight gain actually occurs.
Introduction

Sheldon
1 ®rst coined the term`maternal obesity' to describe the`common observation that women may F F F develop a severe obesity after having a baby'. The experience of overweight mothers would support this point of view, 2 although there is little hard evidence that pregnancy is an important risk factor for obesity. A number of cross-sectional studies suggest that maternal body weight is higher among women of higher parity, 3±5 yet there are a variety of differences between women who have one or more child and those who have none. It is therefore possible that the relationship between parity and body weight is simply the result of confounding factors. Longitudinal studies avoid such confounding effects by using each mother as her own control and comparing her body weight before and after pregnancy. Nevertheless, these studies often overestimate the effect of pregnancy on long-term changes in maternal body weight, because they fail to satisfy three important methodological criteria 6 : (i) They must obtain an accurate measure of prepregnant body weight. Because most women tend to underestimate their body weight, 7 those studies that use retrospective self-reports of prepregnant body weight, 8, 9 overestimate the amount of weight gained as a result of pregnancy.
(ii) They must give each mother enough time to recover from the temporary changes in body composition that occur during pregnancy. Because most well-nourished mothers experience a shortterm increase in maternal body weight during pregnancy, those studies that measure maternal body weight soon after the birth of the child, 10, 11 overestimate any persistent increases in body weight that occur. (iii) They must take into account any increase in body weight that would have occurred simply as a result of ageing. Because there is a tendency for maternal body weight to increase with age, even in the absence of pregnancy, 12 those studies that fail to account for this effect 10, 11, 13 overestimate the independent effect of pregnancy on maternal weight gain.
A detailed review of 71 longitudinal studies 6 identi®ed only three that satis®ed each of the above criteria and provided an estimate of maternal weight gain. 12, 14, 15 All three studies found that pregnancy was associated with long-term weight gain, although there was substantial variation in the amount of weight gained both within and between studies. After accounting for a variety of potential confounders between pregnant women and nonpregnant controls, mean weight gain was only 0.4 kg among women from the Netherlands 14 while women from North America gained 0.6±3.0 kg, 15 and 1.4±1.6 kg. 12 These ®ndings indicate that pregnancy has a differential impact on long-term weight gain in different groups of women, and that other factors must determine the absolute risk of`maternal obesity' following pregnancy. In this instance, the differences in weight gain might re¯ect the higher prevalence of obesity among women from North America, 16, 17 and/or the American practice of actively promoting weight gain during pregnancy. 18 The aim of the present study was to assess both of these possibilities, and to identify other potential risk factors for`maternal obesity'. The study examined the impact of pregnancy on the longterm weight gain of primiparous mothers in England, where the prevalence of obesity is comparatively low 16 and there are no guidelines for promoting weight gain during pregnancy. 10, 19, 20 
Materials and methods
Subjects
The women examined in the present study were selected from 3507 multiparous mothers who had singleton births at a principal city hospital within the South Thames Region between 1990 and 1993. Any women whose obstetric notes were available for all their previous pregnancies were eligible for inclusion in the study, provided they had been weighed regularly during pregnancy. Approval for the study was obtained from the Department of Obstetrics and Gynaecology at the Trust, and from the Higher Degrees Committee at the University of Greenwich.
Data collection
Sociodemographic, behavioural, medical, obstetric and perinatal data (see Table 1 ), together with antenatal measurements of maternal body weight and height, were extracted from each mother's obstetric notes. 21 A comprehensive survey of weighing scales used at antenatal clinics established that maternal weight measurements had a mean maximum error of 1.01% (s.e.m. 0.24%). 22 
Study design
The impact of pregnancy on the long-term weight gain of primiparous women was investigated using a retrospective, repeat-pregnancy study 8, 13 which examined the change in maternal body weight from the beginning of the ®rst successful pregnancy to the beginning of the second. 21 The present study was designed to avoid each of the three methodological problems encountered by previous studies of maternal obesity.
(i) To avoid using self-reports of prepregnant body weight, maternal weight measurements recorded during the ®rst trimester of each pregnancy (up to 13 weeks gestation) were used to provide an objective measure of prepregnant body weight. 23 Previous analyses of gestational weight gain among the same group of women 23 have shown that there was no signi®cant increase in maternal body weight during the ®rst trimester of pregnancy, and that ®rst trimester measurements of body weight provided a more accurate indication of prepregnant body weight than maternal self reports which were subject to under-reporting and recall bias. It was then possible to calculate the amount of weight gained during the ®rst pregnancy (gestational weight gain ®nal antenatal weight measurement 7 prepregnant weight) and the change in maternal body weight from the beginning of one pregnancy to the next (interpregnancy weight change prepregnant weight in pregnancy 2 7 prepregnant weight in pregnancy 1). (ii) To ensure that interpregnancy weight change provided a reliable measure of long-term changes in maternal body weight, it was necessary to ignore any short-term changes in body weight caused by temporary changes in body composition during the ®rst pregnancy. For this reason, only those mothers who became pregnant and were reweighed more than 12 months after the birth of their ®rst child were included in the study. 9 (iii) To account for the effect of ageing on changes in maternal body weight from the beginning of the ®rst pregnancy to the beginning of the second, the independent effect of this interpregnancy interval on interpregnancy weight change was calculated using analysis of covariance (ANCOVA) to control for differences in other characteristics between mothers with differing interpregnancy intervals. This factor was then used to recalculate the interpregnancy weight change of each mother after adjusting for the amount of weight they would have gained with age during the interpregnancy interval.
Sampling bias and statistical power
Among the 3507 multiparous mothers who had singleton births at the principal city hospital in the South Thames Region between 1990 and 1993, 863 had incomplete obstetric records for one or more previous pregnancy, and 247 had not been weighed regularly during both their ®rst and second pregnancies. Of the remaining 2397 women eligible for inclusion in the study, 2077 were excluded because their obstetric notes did not contain ®rst trimester measurements of body weight in both pregnancies. A further 69 women were excluded because they became pregnant with their second child less than 12 months after the birth of their ®rst child, and 8 women were excluded because they had missing data for one or more of the variables listed in Table 1 . The ®nal sample comprised 243 mothers, all of whom had been weighed during the ®rst trimester of their ®rst and second pregnancies, and none of whom had fallen pregnant less than 12 months after the birth of their ®rst child. On average, these women were 20 months older (t 3.680, P`0.001) and were more likely to be married (w 2 l 6.656, P`0.05), yet they did not differ from the 2154 excluded women in any of the other characteristics listed in Table 1 . For this reason there was little evidence that women included in the study were grossly unrepresentative of the sample as a whole (see Table 2 ). Nevertheless, because mothers of higher socioeconomic status are more likely to attend early for antenatal care, it is likely that the mothers included in this study differed in a number of unmeasured social, behavioural and socioeconomic characteristics associated with early attendance for antenatal care. The power of the present study to detect long-term changes in maternal body weight was calculated after examining each of the three methodologically sound studies 12, 14, 15 to obtain an appropriate estimate of variability in long-term weight gain. Only one of these studies published a standard deviation of mean maternal weight gain, 12 and assuming that this ®gure (8.2 kg) is representative of variability in long-term weight gain, the sample size used in the present study (n 243) would have been 90% sure of detecting a gain in weight of 1.54 kg or more at the 95% con®dence level. 24 
Results
The distribution of long-term weight gain
After controlling for differences in other maternal characteristics, there remained a signi®cant independent effect of interpregnancy interval on interpregnancy weight change (see Table 3 ). On average, mothers gained 0.078 kg Á month
) from the beginning of the ®rst pregnancy to the beginning of the second. Using this ®gure to account for any changes in weight that occurred with age during the interpregnancy interval, it was possible to calculate that mean maternal body weight fell by 70.27 kg (s.e.m. 0.28 kg) from the beginning of one pregnancy to the beginning of the next. As such, there was no signi®cant long-term increase in mean maternal body weight (95% con®dence intervals: 70.82±0.28 kg), after accounting for the effect of ageing. However, there was considerable variation in long-term weight change, and while most mothers (70.8%) gained 1.0 kg or less, 24.7% gained more than 1.54 kg (see Figure 1) . Nevertheless, using the classi®cations of prepregnant obesity proposed by the US Institute of Medicine 18 (overweight: BMI 26.0± 29.0 kg Á m 72 and obese: BMI b 29.0 kg Á m 72 ), the same proportion of mothers were classi®ed as either overweight (11.5%) or obese (14.0%) at the beginning of their ®rst and second pregnancies, after controlling for the effect of ageing.
Determinants of long-term weight gain
A variety of maternal characteristics were independently associated with interpregnancy weight gain and, together with interpregnancy interval, these accounted for 9.1% of the adjusted variance in interpregnancy weight change (see Table 3 ). To improve the predictive power of the ANCOVA model, those variables that explained the least amount of variance were removed one by one, in a backward stepwise approach, until the model with the highest adjusted variance was obtained. Pregnancy induced hypertension (r 2 `0.001), maternal age (r 2 `0.001), perineal injury (r 2`0 .001), socioeconomic status (r 2 0.001), glycosuria (r 2 0.001), gestational age at delivery (r 2`0 .001), type of delivery (r 2 0.005), proteinuria (r 2 0.002) and gravidity (r 2 0.003) were all removed from the original model. The ®nal model contained 10 variables which explained 11.9% of the adjusted variance in interpregnancy weight change between the ®rst and second pregnancies (Table 3) . Of these variables, nulliparous BMI (r 2 0.039, P 0.001), gestational weight gain (r 2 0.022, P 0.013), birth weight (r 2 0.020, P 0.017) and interpregnancy interval (r 2 0.075, P`0.001), were all independently associated with change in maternal body weight from one pregnancy to the next (see Table 3 ). Mothers with higher BMIs at the beginning of their ®rst pregnancy, who gained more weight during pregnancy, gave birth to lighter babies and who had longer intervals between their ®rst and second pregnancies, gained signi®cantly more weight from one pregnancy to the next. -tests: categorical data). Figure 1 The distribution of interpregnancy weight change from the beginning of the ®rst pregnancy to the beginning of the second pregnancy, after accounting for the effect of ageing (at a rate of 0.078 kg Á month 71 ) on weight gain during the interpregnancy interval.
Determinants of gestational weight gain
Because gestational weight gain was an important determinant of interpregnancy weight change (Table 3) it is possible that a variety of maternal characteristics might have an indirect effect on long-term weight gain by in¯uencing the amount of weight gained during pregnancy. To assess this possibility, a second ANCOVA was conducted to identify the independent effect of different maternal characteristics on gestational weight gain. Together, these characteristics explained 19.6% of the adjusted variance in gestational weight gain (see Table 4 ). Again, to improve the predictive power of the model, those variables that explained the least amount of variance were removed one by one, in a backward, stepwise approach, until the model with the highest adjusted variance was obtained. Nulliparous BMI (r 2 `0.001), gestational age at delivery (r 2`0 .001), marital status (r 2`0 .001), smoking status (r 2 0.005), and alcohol consumption (r 2`0 .001) were all removed from the original model. The ®nal model contained eight variables which explained 21.5% of the adjusted variance in gestational weight gain during the ®rst pregnancy (Table 4) . Of these variables, maternal height (r 2 0.019, P 0.017), pregnancy induced hypertension (r 2 0.016, P 0.029) and birth weight (r 2 0.152, P`0.001), were all independently associated with gestational weight gain (see Table 3 ). Taller mothers, who experienced pregnancy induced hypertension and gave birth to heavier babies, gained signi®cantly more weight during pregnancy.
Discussion
First trimester weight measurements are likely to overestimate prepregnant body weight because there is a general tendency for women to gain weight during the ®rst trimester of pregnancy. 25 For this reason, using ®rst trimester weight measurements as estimates of prepregnant body weight tends to underestimate the impact of pregnancy on long-term maternal weight gain. However, there was no evidence of an increase in body weight during the ®rst trimester of either pregnancy among women examined in the present study. 23 At the same time, because ®rst trimester weight measurements were used to estimate prepregnant body weight in both the ®rst and second pregnancies, any overestimation should have cancelled out, 9 provided that women gain a similar amount of weight in the ®rst trimester of both their ®rst and second pregnancies. In our analyses of early gestational weight gain in the same group of women, 23 there was a positive correlation between early pregnancy weight gains in consecutive pregnancies. It is therefore unlikely that ®rst trimester weight gain would have in¯uenced the calculation of interpregnancy weight change.
Nevertheless, it is likely that the technique used to control for the effect of ageing on interpregnancy changes in body weight reduced the apparent effect of pregnancy on long-term maternal weight gain. In practice, it is impossible to predict how much weight women would have gained had they not fallen pregnant. The three methodologically-sound studies 12, 14, 15 used nonpregnant controls to adjust for the effect of ageing, and controlled for a variety of potential confounders such as age and smoking behaviour. However, this approach suffers from the same limitations as cross-sectional studies of parity and body weight, because it assumes that there are no fundamental differences in ageing-related weight gain between women who become pregnant and those who do not. Ideally, longitudinal studies should record the effect of ageing on each woman's body weight before pregnancy and use these records to correct any subsequent changes in body weight that occur during and after pregnancy. 26 By using mothers as their own controls, this approach would minimise the effect of differences in confounding variables between pregnant women and nonpregnant controls.
In the present study the relationship between interpregnancy interval and long-term weight gain provided an estimate of ageing-related weight gain that used pregnant women as their own controls. However, because the ®rst pregnancy occurred during the interpregnancy interval, this estimate of ageing-related weight gain would have included a proportion of any weight gain that occurred as a result of the ®rst pregnancy. This would explain why the estimate of ageing-related weight gain (0.078 kg Á month 71 ) was up to 2.4 times higher than contemporary estimates for well-nourished women of childbearing age. Nevertheless, these estimates range from 0.032 kg per month 12 to 0.063 kg per month. 15 Clearly, differences in the amount of weight gained by nonpregnant controls could be responsible for the differential effect of pregnancy on long-term weight gain observed by different studies. For example, assuming that ageing caused an increase in body weight of 0.039 kg per month (as suggested by Ro Èssner and O È hlin 27 ) the mean body weight of women examined in the present study would have increased by 1.16 kg (s.e.m. 0.28 kg) after correcting for the effect of ageing. 40.7% of these mothers would have gained at least 1.54 kg from one pregnancy to the next, compared to 24.7% of mothers after correcting for ageing at 0.078 kg Á month 71 (see Figure 1 ). This should therefore be viewed as a rather conservative estimate of those mothers who experienced an increase in body weight following their ®rst pregnancy.
Neither of these estimates take into account the limited accuracy of antenatal weight measurements used in the present study. Indeed, the weighing scales used at antenatal clinics had a mean maximum error of 1.01% (s.e.m. 0.24%) at higher body weights. 22 Using this ®gure to calculate the upper and lower 95% con®dence intervals for maternal body weight measurements at the beginning of each pregnancy, it was possible to estimate the proportion of mothers who gained more than 1.54 kg at each extreme of measurement error. This analysis suggests that even after accounting for maximum scale error, and an increase in body weight of 0.078 kg Á month 71 with age, 14.8% of mothers gained 1.54 kg or more in association with their ®rst pregnancy. It is clear that some mothers displayed an increase in body weight that could not be explained either by ageing or inaccurate clinic scales.
To some extent, the higher weight gain of these mothers may have been the result of fundamental differences in physiology and/or lifestyle that put them at higher risk of gaining more weight, irrespective of pregnancy. For example, there was an independent association between nulliparous BMI and interpregnancy weight gain ( Table 3 ) which suggests that those mothers who gained the most weight from one pregnancy to the next were more likely to be overweight before the pregnancy began. Differences in nutritional status (BMI) are the consequence of differences in physiological characteristics and/or lifestyles that cause some women to gain more weight than others. 12 It is therefore not surprising that those women with higher nulliparous BMIs also gained more weight from one pregnancy to the next. However, this interpretation does not rule out the possibility that differences in interpregnancy weight gain were also the result of a differential effect of pregnancy. Indeed, after accounting for differences in nulliparous BMI, those mothers who gained more weight during their ®rst pregnancy gained more weight from one pregnancy to the next (Table 3) . This suggests that pregnancy may be associated with a permanent increase in maternal body weight simply because it is a period of positive energy balance during which some women gain excessive amounts of weight. 25 It is also possible that obstetric factors in¯uence the amount of weight gained during pregnancy and thereby in¯uence the effect of pregnancy on longterm maternal weight gain. Although maternal height and birth weight explained a signi®cant amount of variance in weight gain during pregnancy, only one obstetric variable, pregnancy induced hypertension (PIH) was independently associated with gestational weight gain (see Table 4 ). Taller women are known to gain more weight during pregnancy than shorter women. 18 Likewise, birth weight is a component of weight gain during pregnancy, which would explain why it is strongly related to gestational weight gain 28 and interpregnancy weight gain (see Tables 3 and 4) . In contrast, PIH might simply provide a marker for weight gain associated with¯uid retention during pregnancy, because it often accompanies¯uid retention and oedema during pregnancy. 25 However, any excess¯uid is usually lost during birth and the puerperium 25 so that it is unlikely to contribute to a permanent increase in maternal body weight. It therefore appears that obstetric factors have little effect on gestational weight gain or long-term changes in maternal body weight.
These ®ndings apply to the primiparous women examined in the present study, but it remains unclear whether the strict exclusion criteria might limit the external validity of these results. For example, all of the mothers included in the present study had at least two children and it is therefore possible that these women gained more or less weight following their ®rst pregnancy than primiparous women who only had one child. However, there was no independent effect of gravidity on either interpregnancy weight gain (Table 3) or gestational weight gain (Table 4 ) so it is unlikely that the mean long-term weight gain observed in the present study was in¯uenced by selecting primiparous mothers who subsequently became multiparous. Similarly, all of the mothers included in the present study had been weighed during the ®rst trimester of both their ®rst and second pregnancies. Early attendees for antenatal care generally differ from late attendees in terms of socioeconomic status and subsequent compliance with clinical care. Although both of these characteristics might in¯uence maternal weight gain, 29 there was little evidence of differences in socioeconomic status or pregnancy outcome between women included and those excluded from the present study (Table 2 ). There were signi®cant differences in maternal age and marital status between included and excluded women (Table 2 ), yet these differences should not have affected the external validity of the present study because there was no independent effect of either maternal age or marital status on maternal weight gain (Tables 3 and 4) . Nevertheless, because all of the women included in the present study booked early ( 13 weeks gestation) for both their ®rst and second pregnancies, it is unlikely that these women are wholly representative of mothers in the cohort as a whole. If, for example, they were more health conscious, they would perhaps have been less likely to gain or retain excessive weight following pregnancy. As such, it remains possible that selection bias may have underestimated the impact of pregnancy on maternal weight gain in this population.
Notwithstanding the potential effect of sampling bias, the results of the present study indicate that pregnancy has little impact on the mean weight gain of primiparous women from England, who have a low prevalence of obesity (BMI ! 26.0, 25.5%). Since no obstetric factors had an independent effect on interpregnancy weight change there was little evidence that pregnancy in¯uenced long-term maternal weight gain. Nevertheless, those mothers who gained more weight during their ®rst pregnancy, gained more weight from one pregnancy to the next (Table 3) . This suggests that pregnancy may be associated with a permanent increase in maternal body weight simply because it is a period of positive energy balance during which some women gain excessive weight. 25 Other factors, however, such as prepregnant BMI, determine whether long-term weight gain actually occurs.
